The paper presents the results of the study connected with determining the contents of total organic carbon (TOC), total nitrogen (TN), available phosphorus (P E-R ), sulphate sulphur (S-SO 4 2-), and the activity of acid phosphatase (AcP) and arylsulphatase (ARS) in Haplic Luvisol (LVh) fertilised with varied farmyard manure (FYM) doses (0, 20, 40, 60, 80 t ha -1 ) and nitrogen in the form of ammonium nitrate (N 0 , N 1 , N 2 , N 3 ). The experiment involved a 4-year crop-rotation (2005)(2006)(2007)(2008)(2009). A significant effect of fertilisation with farmyard manure (FYM), ammonium sulphate and the selection of crops in crop rotation on the content of TOC and TN was found. The content of phosphorus available to plants was significantly higher in the soil sampled in the third year of research under spring barley fertilised with the FYM at the dose of 60 t ha -1 and nitrogen at the dose of N 2 . The activity of acid phosphatase in soil increased with increasing nitrogen doses. The mean amount of sulphates classifies the soil as representing a very high richness and guarantees a good supply of plants with that nutrient. The greatest activity of arylsulphatase was reported in the samples of the soil fertilised with the FYM at the amount of 80 kg ha -1 .
INTRODUCTION
All cells originated in soil from microbial, plant and animal release of enzymes lysis or from physiological reasons and upon cell death (Gianfreda and Ruggiero 2006). Soil is rich in enzymatic proteins that catalyse reactions involved in energy transfer, nutrient cycling, environmental quality and crop productivity (Dick 1994; Tabatabai 1994; Liu et al. 2010 ). The free enzymes are usually in a complex with humic colloids and may be stabilized on clay surfaces and organic matter (Boyd and Mortland 1990). The activity of any enzyme in soil is the result of synthesis, persistence, stabilisation, regulation, and catalytic behaviour of the enzymatic proteins, present in the soil environment at the moment of the assay. All the indicated processes may be dynamically interrelated and influenced by changes in the physical, chemical, and biological soil factors (Gianfreda and . Sulphur in soil occurs in an organic and inorganic form. A considerable part of organic sulphur in soil is made up by the ester compounds. During their hydrolysis the O-S bond undergoes splitting by enzyme arylsulphatase (EC 3.1.6.1.) (Tabatabai and Bremner 1970). Organic and natural fertilisation, by supplying substrates to biochemical reactions and constituting the sources of carbon for soil microorganisms triggers the enzymatic activity of soil. Mineral fertilisation stimulates biochemical reactions in soils, but also provides anions, the excessive concentration of which can inhibit enzymatic reactions in soil (Germida et al. 1992) .
The aim of the present study was to evaluate the effect of the FYM fertilisation and ammonium nitrate on the changes in the content of phosphorus and sulphur fractions available to plants and total organic carbon, total nitrogen and the activity of acid phosphatase and arylsulphatase in soil in four-year crop rotation.
MATERIAL AND METHODS

Site description and experimental design
The experiments were performed on a many-year permanent experimental field located in the area of the Agricultural Experiment Station at Grabowo, in the Mazowieckie Province, Zwoleński county, Przyłęk commune (.51 . FYM was applied every four years under potatoes. The second factor was nitrogen fertilisation in a form of ammonium nitrate (34% N) at the doses of: N 0 , N 1 , N 2 , N 3 , where the doses N 2 and N 3 are respective multiples of the dose N 1 . N in crop rotation are: 45 kg under potato, 40 kg under winter wheat and under mustard, 30 kg under spring barley with undersown crop and in total for 3 cuts 120 kg (3 x 40 kg) under the mixture of clover with grasses. In total during a single rotation in treatments N 1 with mineral fertilisers 170 kg N was introduced into soil in crop rotation. Phosphorus fertilisers (granulated triplesuperphosphate-46% P 2 O 5 ) and potassium fertilisers (60% potassium salt) were used at the same doses in all the experimental treatments: potato: 24 kg ha 
Soil properties and enzymes analysis
The soil was sampled in third replication once a year throughout a 4-year rotation. In the dried and sieved soil material the following ones were assayed: total organic carbon (TOC) was determined with the analyser TOC Primacs provided by Scalar, total nitrogen (TN) with the Kjeldahl method (PN-ISO 11261 2002), available phosphorus (P E-R ) (PN-R-04023 1996), sulphate sulphur according to the Bardsley-Lancaster method (Bardsley and Lancaster 1960) modified by COMN-IUNG, the activity of acid phosphatase (AcP)and arylsulphatase (ARS) with the Tabatabai and Bremner method (Tabatabai and Bremner 1969),, pH in 1 mol dm -3 KCl was determined potenciometrically (ISO 10390 2005). All the assays were made in three replicates.
Statistical analysis
The analysis of variance of multiple three-factor experiments, in split-plot design was applied to the obtained data. The significance of the differences between means was verified with the Tukey'a test at the level of significance/ confidence of P=0.05. For the purpose of the calculations, Microsoft Excelbased ANOVA software was applied. Besides, the results of the analyses were exposed to the analysis of simple correlation (P<0.05) which determines the relationship between respective characters. The analysis of correlation was made using 'Statistica for Windows Pl'. RESULTS 
AND DISCUSSION
The content of organic carbon in soil throughout the four years fell within the range of 8.75 -12.8 g·kg -1 and depended on the FYM and nitrogen fertilisation ( Table 1 ). The higher the FYM dose, the greater the accumulation of that important component of soil humus. The highest increase in the content of TOC was recorded in the soil samples fertilised with the highest doses of natural fertiliser (Table 1 ). No significant difference was noted between the content of TOC in the samples fertilised with FYM at the amount of 60 t ha -1 and 80 t ha -1 . Fertilisation with ammonium nitrate affected the content of TOC.. However, with an increasing rate of the fertiliser applied no homogenous increase in the content of organic carbon was stated ( Table 1) . The content of TN in soil ranged from 0.679 to 1.229 g kg -1 and fluctuated with fertilisation ( Table 1 Table 2 ). According to the criteria provided in PN-R-04023 (1996), the soil represents class III of high content of P E-R for plants. A significant effect of the experimental factors applied on the changes of P E-R in Luvisol was found. The content of available phosphorus in soil showed a positive reaction to increasing FYM doses. The highest dose (80 t ha -1 ) was the only one which resulted from a 4% to 15% decrease in the content of P E-R in the four years of investigation. As compared with the content of that nutrient in soil sampled from FYM treatments at the dose of 60 t ha -1 possess the greatest content of P E-R (81.72-108.5 mg kg According to these authors, the total P content in manure is very variable and nearly 70% of total P in manure is labile. Lemanowicz et al. (2014) observed a decrease in the content of P E-R in soil as a result of increasing nitrogen doses which the authors refer to increasing uptake of phosphorus by plants. The effect of nitrogen can, on the one hand, be considered through its effect on yield increases and thus greater uptake of phosphorus, while, on the other hand, one shall bear in mind that high N doses can increase the soil acidity.
The content of phosphorus changed considerably throughout the 4-year crop-rotation. The greatest accumulation of the nutrient was reported in the soil sampled on which spring barley (year 2007) was grown (92.45 mg kg -1 of P) which was 3 years after the FYM application. The usual utilisation of phosphorus from FYM ranges from 20 to 25% in the first year after its use and about 60-65% throughout the successive three years. In the fourth research year when red clover was grown there was recorded a significant decrease in the content of available phosphorus (68.29 mg kg -1 of P) ( Table 2 ). , observed in soil in some experimental treatments is considered low and it does not ensure the right supply of sulphur to plants. Sulphur deficit in soil makes it impossible for the plants to develop an adequate biomass yield and, at the same time, deteriorates the biological value of the yield. Sulphur deficits in soils of Poland and other countries will increase as a result of limiting the industrial SO 2 emissions. Consumption of natural and mineral fertilisers containing sulphur systematically decreased. Sulphur deficit in plant production has become a problem of contemporary agriculture. especially agriculture in the northern part of Europe (Eriksen et al. 2004 , Scherer 2009 ). Besides mineral fertilises, some amounts of sulphur are provided by natural fertilises. FYM contains from 0.9 to 1.2 kg ha -1 of sulphur and it is estimated that on average 20% of total sulphur occurs in a form of sulphides available to plants. organic bonds account for 40% and another 40% -for organic and inorganic sulphates. In the present experiment it was shown that increasing FYM doses increased the concentration of the sulphur fraction available to plants. The greatest content of sulphate sulphur similarly as the content of organic carbon was reported in the soil sampled from treatments which involved fertilisation with the FYM dose at the rate of 60 t ha -1 and 80 t ha -1 ( Table 2) .
The influence of fertilization on enzymes activities
Based on the obtained results, the effect of the experimental factors on the change in the activity of acid phosphatase was found significant since both natural and mineral fertilisation stimulates the development of plants and soil microorganisms and also affected the soil enzymatic activity. The greatest activity ranged from 1.39 to 2.50 mM pNP kg
, with value of 2.04 mM pNP kg -1 h -1 (Table 3) in the soil fertilised with FYM at the dose of 60 t ha -1 . The FYM dose of 80 t ha -1 decreased the activity of acid phosphatase in soil by 5% (Fig.  1A) . The lowest activity of the enzyme responsible for phosphorus transformations in soil was reported for the treatments not fertilised with FYM. According to Dodor and Tabatabai (2003) The activity of arylsulphatase fell within the range of 0.005 to 0.582 mM pNP kg -1 h -1 . For the four years of research manuring always influenced activity of the enzyme in the test soil. The greatest arylsulphatase activity (by an average of 0.260 mM pNP kg -1 h -1 ) was reported in the soil samples fertilised with FYM at the rate of 80 kg ha -1 . Manure at the highest dose, an average of four years of research, has increased the arylsulphatase activity by 36%, compared to the control (Table 3) .
The application of nitrogen fertiliser also affected the activity of that enzyme. The greatest activity of arylsulphatase in soil was found in the soil sampled from the control (N 0 ) and the lowest nitrate rate (N 1 ) ( Table 3 ). The Ammonium nitrate dose N 3 decreased the enzyme activity by 14%. as compared with the control. The activity of arylsulphatase and the content of sulphate sulphur (VI) in soil changed in respective vegetation periods. After potato growing, there was a decrease in the content of S-SO 4 2-in the investigated soil and an increase in the activity of arylsulphatase (Table 2, Knauff et al. (2003) showed that plants react to insufficient amount of sulphates in soil releasing arylsulphatases which make it possible for them to use organic resources of sulphur compounds. The authors found that the roots of plants growing in sterile media release arylsulphatases. The activity of that enzyme depended on the content of sulphur and increased with its high deficit.
Correlation among the studied properties
A positive correlation was reported between the content of TN and the activity of arylsulphatase (r=0.41, P<0.05) and the activity of that enzyme and the content of sulphate sulphur (r=0.23, P<0.05) in the soil (Table 4) . It is common to observe a linear dependence between the activity of acid phosphatases and the amount of inorganic phosphorus forms released to the soil solution (Nannipieri et al. 2011). A high coefficient of correlation (r=0.64, P<0.05) between the content of available phosphorus in soil and the activity of acid phosphatase suggests that phosphatases could be applied as an indicator of the content of phosphorus in soils (Lemanowicz 2014). 1. The farmyard manure (FYM) significantly increased content of carbon, nitrogen, phosphorus, sulphur and selected hydrolases under 4-year crop-rotation. The dosage of 60 t ha -1 was optimal for the content of nutrients available to plants. Therefore, it can be concluded that the fertilization of farmyard manure may be considered a good practice in helping to increase soil fertility by content of elements available for plant and enzymes activity.
2. The acid phosphatase activity was influenced by ammonium nitrate fertilization treatment, and grew significantly with the increase of N fertilization rates. In opposite the arylsulphatase activity decreased with increasing doses of mineral fertilizer. We can therefore conclude that the acid phosphatase activity increased probably due to the acidifying effect of N fertilizers.
3. Intercrop white mustard and undersown crop of grasses significantly increased the investigated hydrolases activity during the 4-year crop-rotation. It can be recommended as a means of increasing soil enzymes activity.
